ABSTRACT
Introduction
cataract is one of the major causes of impaired vision and blindness worldwide and is most simply defined as opacity of the crystalline lens (23) . Based on the ethiology it can be divided into senile or age-relatad cataract, congenital cataract and cataract associated with sistemic disease (4) . Progressive changes in the physical-chemical properties of crystallins are are associated with disorders of human lens. these changes include aggregation, pigmentation, and formation of disulfide and nondisulfide cross links; fragmentation and ability to form free radicals (4, 5, 39) .
Several risk factors have been identified for the development of human cataract: aging, diabetes, diarrhea, malnutrition, poverty, sunlight, smoking, hypertension, and renal failure. cataract formation is mostly considered to be a multi-factorial disease, and oxidative stress might be one of the leading causes for cataract (19) .
The definition of oxidative stress implies increased oxidant production and/or a decreased antioxidant capacity in animal cells characterized by the release of free radicals, resulting in cellular degeneration (20, 32) . the imbalance between the rate of free radical production and the antioxidant defense causes cellular damage resulting in lipid peroxidation. oxidative stress is involved in many ocular diseases such as age-related macular degeneration, retinopathy of prematurity, retinal light damage, and cataract (15, 32, 40) . Reactive oxygen species (RoS) are thought to play a role in a variety of physiological and pathophysiological processes in which increased oxidative stress may play an important role in disease mechanisms. however, increased oxidative stress may also be a result of pathological processes (20, 29) . in diabetic conditions, RoS are produced via glucose autoxidation and also via non-enzymatic protein glycation in various tissues. RoS is considered to have an important role in the development of microvascular complications in patients with diabetes (2, 3, 25, 28, 30) . Free sulfydryl (-Sh) groups of proteins are mainly responsible for their antioxidant response, and they can serve as a sensitive indicator of oxidative stress (36, 37) . the aim of the present research is to evaluate the relationship of total antioxidant capacity, total oxidant status, oxidative stres and total free sulfydryl groups in patients with diabetic and nondiabetic senile cataract. 
OXIDANT/ANTIOXIDANT STATUS OF PATIENTS WITH DIABETIC AND SENILE CATARACT

Materials and Methods
Subjects and serum samples the study was carried out on venous blood samples from 70 subjects admitted to the clinic of ophtalmology of a research hospital for cataract surgery. of these, 25 were senile type 2 diabetic patients with cataract who were using oral hypoglycaemic agents or insülin since the last 10 years. Fourty-five patients with nondiabetic senile cataract comprised the control group. Senile cataractous subjects had normal fasting blood glucose level with no history of diabetes. the diabetic cataract patients' mean age was 62±9 years. the senile cataract patients' mean age was 66±8 years. All participants were informed according to the rules of the local ethical committee. the obtained venous blood samples were collected into tubes and serum was separated from cells by centrifugation at 1500×g for 10 min. Serum with lipemia and hemolysis was excluded. Serum samples were stored at -80°c.
exclusion criteria were the presence of a renal disease, anaemia, autoimmune disorders, infections, hypothyroidism, hyperthyroidism, cirrhosis, cerebrovascular disease, malignant tumor, alcohol use, traumatic and toxic cataract.
Measurement of total antioxidant capacity (TAC)
total antioxidant capacity (tAc) of serum samples was determined using a novel automated measurement method, developed by erel (9) . this method is based on the change of the characteristic color of ABtS when bleached by antioxidants that are present in the sample. the reaction can be monitored spectrophotometrically and the bleaching rate is inversely related to the tAc of the sample. the reaction rate is calibrated with trolox, which is widely used as a traditional standard for tAc measurement assays, and the assay results are expressed in mmol trolox equivalent/l. the assay has excellent precision, lower than 3%.
Measurement of the total oxidant status of plasma (TOS)
the total oxidant status of the plasma was measured using a novel automated colorimetric measurement method for toS developed by erel (10) in this method oxidants that are present in the sample oxidize the ferrous ion-o-dianisidine complex to ferric ion. the oxidation reaction is enhanced by glycerol molecules, which are abundantly present in the reaction medium. the ferric ion forms a colored complex with xylenol orange in an acidic medium. the color intensity, which can be measured spectrophotometrically, is related to the total amount of oxidant molecules present in the sample. the assay is calibrated with hydrogen peroxide and the results are expressed in terms of micromolar hydrogen peroxide equivalent per liter (μmol H 2 o 2 eq/l). 
Determination of oxidative stress index (OSI)
the ratio of toS level to tAS level was accepted as the oxidative stres index (oSi). For calculation, the resulting unit of tAS was changed to mmol/l, and the oSi value was calculated according to the following formula of harma et al. (21) : OSI (arbitrary unit)=TOS (μmol H2O2 Eq/L)/TAS (mmol trolox eq/l).
Measurement of total free sulfhydryl groups
Measurement of total free sulfhydryl groups (serum -Sh levels) were assayed according to the method of ellman (8) as modified by Hu et al. (22) . Briefly, 1 ml of buffer containing 0.1M Tris, 10 mmol/l EDTA pH 8.2, and 50 μl serum was added to cuvettes, followed by 50 μl of 10 mmol/l 5,5-dithiobis 2-nitrobenzoic acid in methanol. Blanks were run for each sample as a test. After incubation for 15 min at room temperature, sample absorbance was interpreted at 412 nm on a cecil 3000 spectrophotometer (cecil instruments, Cambridge, UK). Sample and reagent blanks were subtracted. The concentration of −SH groups was calculated using reduced glutathione as the free −SH group standard and the results were expressed as millimolars. Coefficients of variation for measurement of serum −SH levels were 3.6%.
Statististical analysis
the data for biochemical analyses were expressed as mean ± SD. Student-t test was used to determine the significance of biochemical parameters among the patient groups. P value of <0.05 was considered as significant. Data were analyzed using the statistical package program SPSS 11.0 (SPSS Inc. Chicago, il, USA).
Results and Discussion
the demographic and clinical data of the study population are shown in Table 1 . There were no statistically significant differences between the two groups with regard to age, gender, smoking ratio, hypertension and BMI. Serum TAC levels were 1.03±0.37 mmol trolox eq/l in diabetic patients and 1.16±0.32 mmol trolox eq/l in nondiabetic senile cataract. There were no statistically significant differences between diabetic and nondiabetic senile groups (p=0.17).toS was 11.34±5.27 μmol H 2 o 2 eq/l in diabetic cataracts. toS was 8.07±2.52 μmol H 2 o 2 eq/l in subjects with nondiabetic cataracts. TOS levels were significantly higher in diabetic cataract than in senile cataract patients (p=0.008). oSi were 13.31±9.80 and 7.71±4.41 in diabetic and nondiabetic groups. Diabetic cataract group had significantly higher OSI than the control group (p=0.013). Serum −SH group levels were 0.29±0.03 mmol/l in patients and 0.30±0.03 mmol/l in the control group (p=0.54), respectively ( Table 2) . Free sulfydryl groups levels were similiar in both diabetic cataract and senile cataract subjects oxidative stress due to free radicals is related to the pathogenesis of many chronic disorders including cancer, inflammation and neurological diseases. Oxidative stress such as aging and light exposure is also considered to be associated with age-related macular degeneration and cataract (38) . the ocular surface is chronically exposed to oxidative stress including ultraviolet light, the oxygen in air, and changes in oxygen pressure due to blinking (38) . Photochemical reactions occur as a result of the interaction of an energetic photon of light and an absorbing molecule. in the presence of oxygen, this reaction leads to the ultimate production of reactive oxygen species (RoS), including singlet oxygen, superoxide, hydrogen peroxide and hydroxyl radicals. these RoS are highly reactive and induce cellular damage. to minimize the effects of RoS there are cellular defence mechanisms, for example, superoxide dismutase, catalase, phospholipase and potentially protective pigments (e.g. xanthophylls) in the macular region (12, 35) .
Diabetes mellitus (DM) is one of the major causes for increased sight loss. cataract, considered a complication of DM, is a reversible cause of visual impairment that can affect individuals at all ages (6, 11) . chronic hyperglycemia and DM duration are considered the major risk factors for this diabetic complication (7, 26, 27) . in senile cataract and diabetic cataract the oxidative stress may be systemic and related not only to the lens (24, 41) Multiple mechanisms have been proposed in the development of diabetic cataract: nonenzymatic glycation of the eye lens proteins, oxidative stress, and activated polyol pathway in glucose disposition. An increased amount of glucose is converted into sorbitol by the enzyme aldoz reductase via the polyol pathway (28, 43) . in diabetic patients, accumulation of sorbitol in a lens presumably raises the osmotic pressure and increases the water volume in the lens enough to cause its swelling and rupturing of the len's fibers. These phenomena, together with the malfunctioning of the lens fiber's cation pump induces osmotic changes in the lens which are thought to cause opacification (46) .
Sulfhydril groups are very susceptible to oxidation. thiols (sulfhydryl groups) are known to scavenge aqueous peroxyl radicals (14, 42) . they are considered as one of the most important plasma sacrificial antioxidants (13, 42, 44) . When the organism is exposed to oxidative stress, -Sh groups are among the first antioxidants that are consumed (13) . In blood plasma, protein -Sh groups are the most represented ones. nonprotein -Sh groups are present only in small amounts (34) .
it was shown that increased advanced glycation end products (AGes) were associated with oxidative stress and as a result of oxidative stress, AGe might have a role in cataract formation, which, in diabetic patients, occurs vigorously as compared with non-diabetic cataract patients. (18) . obara et al. stated that lens glucose, glycated protein and lipid peroxides were higher in diabetic cataractous patients when compared with senile cataract (31) . in a previous study ozmen et al. observed that lipid peroxide levels were higher in diabetic cataractous lenses than in senile cataractous lenses (33) . Virgolici et al. found that, levels of plasma protein carbonyls and malondialdehyde were significantly increased in the senile cataract group than healthy controls (41).
Aksoy et al. measured aqueous humor TAC and uric acid levels in diabetic and non-diabetic subjects with cataracts. The patients with diabetes and cataract had significantly lower aqueous humor tAc than those with senile cataract (1). Gul et al.found that tAc is decreased in diabetic and non-diabetic senile patients with cataract or cardiovascular complications as compared with control subjects (17) . however, in our study tAc was not decresed in serum and was similar both in the diabetic and senile cataract group. Garg et.al. reported that the erythrocyte superoxide dismutase levels were significantly lower in advanced senile cataract than those in healthy controls (16) . Yildirim et al. Found the levels of malondialdehyde (MDA), glutathione (GSh), advanced oxidation protein products (AoPP) and superoxide dismutase (SoD) activities in the diabetic senile cataract group were significantly increased as compared to the nondiabetic senile cataract group (p<0.05) (45) . in our study, increased toS and oSi in diabetic cataract patients when compared to senile cataract patients support the result of Yildirim et al and obara et al. which reported increased MDA levels and lipid peroxides. respectively. Although there is no report regarding toS and oSi in cataract in the literature, previous reports support our results.
We studied the total antioxidant and oxidant parameters instead of individual antioxidant compounds such as superoxide dismutase, catalase, glutathione peroxidase, and glutathione reductase, which act in combination with each other affecting TAC producing synergistic or antagonistic effects. We found that the serum TOS and OSI values were significantly higher in diabetic cataract than in senile cataract. tAc and free sulfydryl group levels were similiar in the two groups. Free sulfydryl group levels are consistent with tAc levels.
Conclusions
the results of present study suggest that toS and intensity of the oxidative stress in diabetic patients with cataract are higher, compared to age-related cataract patients without diabetes. Since oxidative stress is important in development of diabetic complications, increased toS and oxidative stress might have a role in the pathophysiology of diabetic cataract.
